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FOREWORD

The National Institute of Standards and
Technology's (NIST), Building and Fire
Research Laboratory (BFRL) is one of
NIST's seven Laboratories. The mission
of BFRL is to enhance the
competitiveness of U.S. industry and
public safety by developing performance
prediction methods, measurement
technologies, and technical advances
needed to assure improvement of the life
cycle quality and economy of
constructed facilities. Constructed
facilities include all buildings and their
furnishings and the public and private
utilities and public works that support
business, commerce, industry, and
homes. BFRL's efforts are closely
coordinated with complementary
activities of industry, professional and
trade organizations, academe, and other
agencies of government.

Construction is one of the Nation's
largest industries. In 1996, new
construction amounted to $569 billion;
with renovation added, the total volume
of construction was about $900 billion,
which is 12 percent of U.S. GDP. U.S.
construction accounts for more than six
million jobs. More than 60 percent of
the nation's wealth is invested in
constructed facilities. Since constructed
facilities shelter and support human
activities, their quality and economy is
vital to the competitiveness of all
industry and the quality of life of its
citizens.

BFRL’s research is focused and linked
with collaborative private- and public-
sector activities to help achieve the
National Construction Goals (NCGs)
developed with industry by President
Clinton’s National Science and
Technology Council’s Subcommittee on

Construction and Building (C&B). This
Subcommittee coordinates the federal
construction-related R&D to enhance
the competitiveness of U.S. industry,
public and worker safety, and
environmental quality. BFRL is a co-
chair of this 14 Federal agency body.
During the past 3 years, C&B has had
major interactions with construction
industry leaders; together they have
defined the NCGs. The goals are to
provide cost-effective technologies and
practices by 2003 that will achieve the
following improvements in the life cycle
performance of constructed facilities
over average 1994 practices:

o] 50 percent reduction in delivery
time.
o] 50 percent reduction in

operation, maintenance, and
energy costs.

o] 30 percent increase in
productivity and comfort.

0 50 percent fewer occupancy-
related illnesses and injuries.

o] 50 percent less waste and
pollution.

o] 50 percent more durability and
flexibility.

o] 50 percent fewer construction

illnesses and injuries.

In 1996 groups of industry leaders
representing the residential, industrial,
public works, and
commercial/institutional sectors
developed industry strategic plans for
achieving the National Construction
Goals in cooperation with Federal
agencies. These industry plans and
direct discussions with industry leaders
have helped to the direction of BFRL
research.

This annual report, Project Summaries
1997, presents BFRL’s research during
1997. BFRL focuses its research in three



principal thrusts:

1. High Performance Construction
Materials and Systems,

2. Automation in Construction and
Constructed Facilities,

3. Loss Reduction.

In high performance construction
materials and systems, BFRL’s projects
include: high performance concrete,
building life cycle cost computer
program, high performance mechanical
systems, finishes, and furnishings,
“natural” alternative refrigerants for heat
pumps, and our search, with industry,
for alternative fire suppressants.

Within the automation thrust, research
is addressing development of new
techniques and standards for real-time
construction metrology and a national
standard for kinematic modeling of
construction site machinery and
displaying graphical representations.
With U.S. industry, BFRL is developing
the capability to represent and exchange
information supporting the design and
construction of structural systems using
internationally accepted protocols.
Conformance tests are being developed
for products complying with standards
for the open exchange of information
between equipment from different
control vendors and between different
levels of control in hierarchal and
distributed building management
systems.

In the loss reduction thrust, BFRL
research includes next generation design
standards for wind loads to develop key
elements of an improved wind load
design standard that will use existing
databases and state-of-the-art
computational methods for establishing
site-specific design wind speeds and the
corresponding steady and fluctuating

structural loads. BFRL is constructing a
user-friendly version of its CFAST model
(FASTLite) which can be used by fire
protection engineers and fire service
personnel with a minimum of training,
and developing protocols to quantify the
accuracy of computer-based predictive
fire models.

In meeting these thrusts, BFRL’s
research addresses structural engineering,
materials engineering, mechanical and
environmental systems, fire safety
engineering, fire science, and applied
economics. Each of the BFRL research
summaries is formatted by project title,
the BFRL point of contact, sponsor,
description of the research, and recent
results.

BFRL’s laboratory facilities are an
important resource. Facilities include:
six-degree-of-freedom structural testing
facility; large-scale structural testing
facility with the 53 MN universal
structural testing machine; environ-
mental chambers; guarded hot-plate;
calibrated hot-box; plumbing tower;
building materials imaging and modeling
laboratory; fire suppression test facilities;
and a fire simulation laboratory. The
large burn facility for conducting
experimental fires in full-scale large
industrial fire test facilities is currently
undergoing renovation.

BFRL works closely with its
international peer organizations to
maintain awareness of foreign research
developments, assure that generic
research efforts are complementary, and
represent U.S. interests in the
preparation of international standards
and practices. BFRL cooperates closely
with other U.S. and foreign laboratories
in the conduct of its research. More
than 90 research associates from U.S.



industry, guest researchers from foreign
laboratories, and faculty members from
universities worked at BFRL during
1996 for periods averaging about a year.
BFRL has direct linkages with industry
through its 45 Cooperative Research and
Development Agreements (CRADAS).

BFRL participates in more than 130
national and international
standardization activities; provides
leadership in these national and
international standardization
organizations and chairs more than 20
voluntary standardization activities.
Annually BFRL publishes over 220
reports, articles for research journals and
for professional and trade journals, and
computer model software packages.
BFRL staff annually makes hundreds of
presentations at professional and
technical meetings of building
community organizations, is host to
more than 1700 visitors to its facilities,
and responds to more than 19000
requests for information. BFRL
conducts symposia in cooperation with
other organizations concerned with
building research and practice and hosts
biweekly Fire Research Seminars for
NIST staff and colleagues from the fire
community. These meetings are
effective means of transferring the latest
knowledge to practitioners and peer
researchers. The Fire Research
Information Service (FRIS) consisting of
national and international fire research
literature and FIREDOC, the automated
database of fire research literature, is the
only comprehensive national library
resource for the fire community.

At the beginning of FY1997, BFRL’s
staff was about 220 persons of which
129 are professional staff, 71 have
Ph.D.s, and 26 are registered engineers.
BFRL's budget for FY1997 is $31

million. Funding comes from direct
appropriations ($19 million), from other
Federal agencies ($10 million) and from
the private sector ($2 million).

For further information about BFRL, its
facilities, opportunities for Guest
Researcher assignments, collaborative
programs, and contracted research, may
be reached through BFRL’s Home Page
at: http://www.bfrl.nist.gov or contact
BFRL's Office of Cooperative Research
Programs, Building 226, Room B250,
NIST, Gaithersburg, MD 20899.
Persons requesting information may
want to contact BFRL using facsimile
number 301-975-4737 or E-mail
noel.raufaste@nist.gov.
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Performance Requirements for
Passive Energy Dissipation
Systems for Buildings and Lifeline

Principal Investigator
Riley M. Chung
Structures Division
301-975-6062

Sponsor
National Institute of Standards of
Technology

Objective

To develop and verify guidelines for
pre-qualification, prototype and quality
control testing of seismic isolation systems.

Problem

Seismic isolation has been proven to be an
effective method of reducing the response of
structures during strong earthquakes. In
practice, the components of the isolation
system undergo an extensive series of
prototype and quality control tests before
installation. However, there are no
commonly accepted testing standards for
base isolation devices. Consequently,
designers of base isolated structures do not
know how to specify testing of systems or
interpret test results. Furthermore, without
standard testing procedures, it is nearly
impossible to compare the performance of
competing isolation systems.

Recently BFRL published an extensive set of
guidelines for conducting these tests:
Guidelines for Pre-Qualification, Prototype and
Quiality Control Testing of Seismic Base Isolation
Systems NISTIR 5800, June 1996. The guide
is, for now, the leading available test
guidelines for testing base isolation systems.
Presently, ASCE is using the guidelines as the
basis for development of an ANSI national
consensus standard. BFRL is supporting this
effort through participation in the ASCE
standards development committee.

To develop further confidence in the
guidelines, and to foster wider adoption of

the proposed testing procedures, the
guidelines must be evaluated by conducting
tests on typical isolation components. These
tests will expose any inconsistencies,
omissions of important data, or other
unforeseen problems with the procedures.

Approach

During FY1997, BFRL will perform a two
part experimental program: The project
involves the following tasks:

1. Support of Development of a
National Consensus Standard. As an ongoing
component of this project, BFRL will provide
the secretariat of the ASCE standards
committee on testing of base isolation
systems. The committee was formed in
August of 1995. Meetings will take place
approximately every 6 months

2. Test Program for Assessing and

Evaluating Guidelines.

- Design and Construction of Lateral Load
Test Frame. The current configuration of
the BFRL’s Large Scale Testing Facility
permits concentric axial loads to be
applied to base isolation devices.
However, the most critical design
condition for isolators is when
simultaneous axial load and lateral load
are applied. Several tests in BFRL'’s
guidelines require such loading. Therefore,
a lateral loading frame is needed for the
53 MN capacity universal testing
machine. This frame could make use of
the existing reaction wall and 4.4 MN
long-stroke hydraulic actuator. Two
faculty members of the United States
Military Academy (West Point) are
designing the lateral loading frame.

- Test Plan: A detailed plan has been
developed for the experimental program,
through consultations with researchers at
the University of Delaware, the University
of Maryland, Southern Methodist
University, and Dynamic Isolation
Systems, and Furon (two major
manufacturers of elastomeric isolation
bearings). The objectives of the



experimental program is to evaluate BFRL’s
testing guidelines, and to study three other
issues which affect test methods: the ultimate
capacity of seismic isolators; the effects of
bi-lateral loading on isolator performance;
and improved methods for detecting flaws in
elastomeric bearings.

Recent Results

Shenton 111, H.W., Guidelines for
Pre-Qualification, Prototype and Quality Control
Testing of Seismic Base Isolation Systems,
NISTIR 5800, National Institute of
Standards and Technology, June 1996.

Shenton, H.W. and Taylor, A.W.,
Guidelines and Benchmarks for Analysis of
Isolated Buildings, Proceedings, 1996 ASCE
structures Congress, April 15-18, 1996.

Shenton, H.W., Summary and Results of the
NIST Workshop on Proposed Guidelines for
Testing and Evaluation of Seismic Isolation
Systems, July 25, 1994, San Francisco,
California, NISTIR 5785, National Institute

of Standards and Technology, January 1996.

Taylor, A\W., Shenton, H.W., and Chung
R.M., Standards for Testing and Evaluation
of Seismic Isolation System, Seismic, Shock,
and Vibration Isolation, 1995 ASME/JSME
PVP Conference, Honolulu, July 23-27,
1995, PVP-Vol 319, pp. 39-43.

Shenton H.W., Taylor AW., and Lew, H.S.,
“Test Requirements for Base Isolation,”
Proceedings, 27th Joint Meeting on Wind and
Seismic Effects, U.S.-Japan Panel on Wind
and Seismic Effects, UINR, Tsukuba, Japan,
May 1995.

Geotechnical Characterization for
Lifelines and Buildings

Principal Investigators
Ronald D. Andrus
Structures Division
301-975-6051

Riley M. Chung
Structures Division
301-975-6062

Sponsor
National Institute of Standards and
Technology

Objective

To develop methodologies for rapidly
assessing liquefaction potential and
characterizing ground deformations of soil
deposits supporting lifelines and buildings.

Problem

A major cause of lifeline and building damage
in past earthquakes is ground deformations
caused by liquefaction. Since lifeline
corridors can be many kilometers in length,
rapid screening of large areas is required.
Screening techniques based on geology,
hydrology, and soil conditions show promise
for identifying areas along lifeline corridors
requiring more rigorous analyses. However,
even these areas requiring further analyses
can be quite large.

Approach

During FY1997, BFRL will continue the
development of rapid techniques for
evaluating liquefaction resistance based on
small-strain shear wave velocity, VS. The use
of VS as a field index of liquefaction
resistance is justified since both are
influenced by void ratio, effective
confinement, stress history, and geologic age.
Its application to liquefaction assessment
before and after ground improvement will
also be examined. In addition, this project
will begin work on refining/developing
methodologies for predicting magnitude and
spatial extent of liquefaction-induced ground



deformations. The work will be performed in
collaboration with academia and industry; it
is divided into four tasks:

1. Conduct field demonstration of the
Spectral-Analysis-of-Surface-Waves (SASW)
method for rapid determination of layer
thickness and VS.

2. Develop simplified liquefaction
assessment procedures based on VS from
available field performance data.

3. Refine/develop practical approaches to
predicting ground deformations for lifeline
risk assessment through a review of the
physical attributes of lateral spreads in past
earthquakes.

4. Prepare guidelines for using the SASW
method to evaluate liquefaction potential of
soils supporting lifelines from results of Tasks
1and 2.

Recent Results

Andrus, R. D., and Chung, R. M., “Cost-
Effective Ground Improvement Techniques
for Liquefaction Remediation Near Lifelines,”
Wind and Seismic Effects, Proceedings, 27th
Joint Meeting of the U.S.-Japan Cooperative
Program in Natural Resources Panel on
Wind and Seismic Effects, Public Works
Research Institute, Japan, 1995.

Andrus, R. D., and Chung, R. M.,
“Liquefaction Remediation Near Existing
Lifeline Structures,” Technical Report
NCEER-96-0012, Lifeline Facilities and
Countermeasures Against Soil Liquefaction, 6th
Proceedings, Japan, June 11-13, 1996.

Andrus, R. D., and Stokoe, K. H., I,
Preliminary Guidelines for Liquefaction
Assessment Using Shear Wave Velocity, NIST
SP 904, National Institute of Standards and
Technology, Gaithersburg, MD, August
1996.

Andrus, R. D., Surface Wave Method - A
Tool for Lifeline Earthquake Engineering,
Proceedings, Earthquake Engineering Site

Characterization Workshop, Vicksburg, MS,
June 27-28, 1995.



Cyclic Lateral Load Tests and
Digital Database of Reinforced
Concrete Bridge Columns

Principal Investigator
William C. Stone
Structures Division
301-975-6075

Sponsors
National Center for Earthquake Engineering
Research and

California Department of Transportation

Objective

To investigate experimentally the effect of
varying cyclic lateral load paths on damage to
circular reinforced concrete columns and to
develop a comprehensive digital database of
cyclic lateral load tests on rectangular
reinforced concrete columns.

Problem

In earthquake engineering studies of
reinforced concrete columns, a controlled,
cyclic lateral load pattern with gradually
increasing amplitude has traditionally been
applied to columns tested in the laboratory.
However, in an actual earthquake a bridge
column is exposed to a random cyclic lateral
loading pattern, which is much different from
the laboratory loading pattern. Current
American Association of State Highway and
Transportation Officials (AASHTO) and
Caltrans design provisions are based almost
exclusively on tests in which traditional,
controlled laboratory loading patterns have
been applied to the specimens, rather than
realistic earthquake loading patterns. The
differences between these types of loading
have never been explored systematically.
Furthermore, to develop confidence in
inelastic analysis algorithms for reinforced
concrete structures, the algorithms must be
calibrated against laboratory data from tests
on reinforced concrete members. Without
such a calibration, the inelastic analysis
algorithms are essentially useless. There is
currently no comprehensive, world-wide

database of results from cyclic lateral load
experiments on rectangular columns.

Approach

During FY1997, BFRL will test 12 column
specimens. The specimens will be
approximately one-fourth scale versions of
prototype bridge columns designed using
current Caltrans standards. The 12
specimens will be nominally identical:
approximately 300 mm in diameter by 1800
mm long, with the same material properties
for all specimens. The specimens will be cast
integrally with a reinforced concrete base
block to simulate a bridge column footing.

The main variable in the test program will be
the type of cyclic lateral load pattern applied
to the specimen. The first specimen will be
loaded with a monotonic lateral load to
failure (pushover test) to determine basic
specimen stiffness and strength. The next
four specimens will each be loaded with cyclic
lateral displacements of a constant amplitude
for as many cycles as are necessary to cause
complete failure of the specimen. The
amplitude of displacement applied to each
specimen will be a multiple of the yield
displacement determined from the first test
specimen. The fourth specimen will be
loaded with a "standard" laboratory load
pattern, which consists of cyclic lateral
displacements with gradually increasing
amplitudes. The final six specimens will be
loaded with simulated earthquake
displacement patterns. The earthquake
displacement patterns will be selected to
simulate a range of earthquake types. The
effects of applying multiple damaging
earthquakes to the same column will also be
investigated.

The data and visual observations obtained
from these tests will be correlated with
several analytical damage models which have
been proposed by other researchers. The
accuracy of the damage models will be
evaluated in light of the test data, and
recommendations will be made regarding the
best methods for analytically modeling
earthquake damage to circular reinforced



concrete bridge columns. Recommendations
will also be made regarding the
appropriateness of using results from
"standard" laboratory tests of columns, rather
than simulated random earthquake motions,
to develop codes and standards for the
seismic design of reinforced concrete bridge
columns.

Recent Results
New project.



Seismic Performance of Precast
Concrete Connections

Principal Investigator
Geraldine S. Cheok
Structures Division
301-975-6074

Sponsor
National Institute of Standards and
Technology

Objective

To develop technical data and to recommend
rational and consistent seismic design
provisions for moment resistant precast
concrete beam-column connections.

Problem

Careful attention to connection detail is
required to ensure ductility and no
premature yielding of connections. In order
to exploit the benefits that exist in precast
construction, ATC-8, the Proceedings of
Workshop on Design of Prefabricated
Concrete Buildings for Earthquake Loads,
identified research on moment resistant
joints between precast beam and column
element as the top priority item.

Strength and ductility of joints of precast
beam-column connections can be achieved by
post-tensioning the precast elements, special
reinforcing arrangement, and fiber reinforced
grout in the joints. Technical data are needed
to establish provisions for code and
standards, thereby promoting precast
construction in seismically active regions.

Approach

During FY1997, BFRL will complete
cooperative work with Charles Pankow
Builders on the debond tests of reinforcing
bars. BFRL will continue to provide the
necessary input to ACI and SEAOC to aid
them in their consideration of code changes
which would allow the construction of the
hybrid connections in high seismic regions.

Recent Results

Cheok, G. S., Stone, W. C., and Nakaki, S.
D., Simplified Design Procedure for Hybrid
Precast Concrete Connections, NISTIR 5765,
National Institute of Standards and
Technology, Gaithersburg, MD, February,
1996.

Stone, W. C., Cheok, G. S, and Stanton, J.
F., "Performance of Hybrid
Moment-Resisting Precast Beam-Column
Concrete Connections Subjected to Cyclic
Loading," ACI Structural Journal, Vol. 92, No.
2, American Concrete Institute, Detroit, M,
March-April, 1995, pp. 229-249.



Seismic Resistance of Partially
Grouted Masonry Shear Walls

Principal Investigator
Geraldine Cheok
Structures Division
301-975-6074

Sponsor
National Institute of Standards and
Technology

Objective

To define the strength and deformation of
partially grouted masonry shear walls at the
cracking and ultimate limit states and to
develop semi-empirical, simplified design
expressions for predicting shear strengths and
deformations of partially grouted masonry
shear walls.

Problem

The behavior of masonry shear walls has
been the subject of increased attention
during the past 15 years. However, this effort
has been aimed at fully grouted, reinforced
walls. Due to the lack of physical data on the
response of partially grouted masonry walls
to in-plane lateral loads, no acceptable design
formulas are available for predicting shear
strength of such walls. The limited data
available also suggests that empirical
formulas for shear strength of fully grouted,
reinforced walls have very limited
applicability for determination of the shear
strength of partially grouted, lightly
reinforced shear walls.

Approach

During FY1997, BFRL will complete the
tests of the masonry walls that were started
at the end of FY1996. Data reduction and
analyses also will be conducted.

Recent Results

Chang, P. and Love, A., Finite Element
Modeling of Masonry Shear Walls, Project No.
43NANB512479, University of Maryland,
College Park, 1996.

Seismic Performance of Cladding
Systems

Principal Investigator
Andrew W. Taylor
Structures Division
301-975-6078

Sponsor
National Institute of Standards and
Technology

Objective

To evaluate seismic performance of exterior
architectural cladding elements during the
Northridge earthquake, and develop energy
dissipating cladding systems for seismic
retrofit and design of new buildings.

Problem

Although many cladding elements are not
specifically designed for seismic forces, they
participate in resisting lateral loads as they
deform with the framing system. Cladding
systems sustained damage during the
Northridge earthquake, particularly those on
steel frame structures. The seismic
performance of buildings could be improved
by effectively using the cladding system to
dissipate energy. Energy-dissipating cladding
can be applied to new construction and
seismic retrofit.

Approach

During FY1997, BFRL will document the
performance of architectural cladding
systems during the Northridge and other
earthquakes. Current design criteria and code
requirements will be critically evaluated
based on observed cladding performance.

The performance of energy dissipating
cladding connector hardware will be studied.
This will be primarily an experimental
investigation, making use of existing test
fixtures at Georgia Institute of Technology.
The goal of this phase will be to determine
how different types of energy dissipating
connectors behave (e.g., elastomeric
connectors, steel clip angles, and other



specially designed steel connectors). The
hysteretic properties of the connectors will be
established, and desirable modes of
connector performance will be defined.

The contributions of cladding to the stiffness
and damping of the overall structural system
will be determined. This work follows
naturally on the connector performance
studies described above, since the energy
dissipating properties of connectors have a
major influence on the interaction between
the cladding system and the structural frame.
This task will be carried out by comparing
analytical models of buildings with observed
experimental full-scale and scale-model
building performance data.

Based on the results of the steps above,
seismic design guidelines for building
cladding systems will be developed.

Recent Results

Literature review on Seismic Performance of
building Cladding Systems, prepared by
Cladding Research Institute, Emeryville, CA,
NIST GCR 95-681, National Institute of
Standards and Technology, February 1995.
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Seismic Strengthening
Methodologies for Existing Lightly
RC Frame Buildings

Principal Investigators
Geraldine S. Cheok
Structures Division
301-975-6074

Long T. Phan
Structures Division
301-975-6077

Sponsor
National Institute of Standards and
Technology

Objective

To develop guidelines for strengthening
lightly reinforced concrete (LRC) frames
using concrete infill walls.

Problem

There are some research results available to
give limited guidance in the design of
concrete infill walls to strengthen LRC
frames. However, gaps exist in the database
which need to be filled. Some of these gaps
were identified in a BFRL sponsored
workshop in 1995. One of the issues
identified was the connection of the infill
wall to the frame. This is an important issue
as the predicted behavior of a frame could be
made more accurately if the behavior of such
connections were better understood.

Approach

During FY1997, BFRL will perform an
experimental program involving the tests of
anchors subjected to tension and shear. The
variables to be examined include anchor type,
different combination of tension and shear
load, embedment depth, anchor
configuration - number of rows, number of
anchors, spacing, and concrete strength. The
results from this test program and other
available test data will serve as the basis for
the development of the load-deformation
relationship for post-installed anchors.



Recent Results

Phan, L. T., Cheok, G. S., Todd, D. R. and
Lew, H. S., Strengthening Methodology for
Lightly Reinforced Concrete Frames: Recommended
Design Guidelines for Strengthening with Infill
Walls, NISTIR 5682, National Institute of
Standards and Technology, July 1995.

Cheok, G. S., Editor, Proceedings, Workshop
on the Seismic Rehabilitation of Lightly Reinforced
Concrete Frames, June 12-13, 1995, NISTIR
5741, National Institute of Standards and
Technology, November 1995.
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Guidelines for the
Repair/Rehabilitation of Welded
Steel Moment Frames

Principal Investigator
John L. Gross
Structures Division
301-975-6068

Sponsor
National Institute of Standards and
Technology

Objective

To develop guidelines for the repair and/or
rehabilitation of welded steel moment frame
buildings damaged in the Northridge
earthquake.

Problem

On February 12, 1994 Public Law 103-221
was passed authorizing BFRL to conduct
post-earthquake investigations of structural
failures resulting from the January 17, 1994
Northridge earthquake in Los Angeles,
California. The BFRL investigative team, as
well as other investigators, found severe and
unexpected damage to welded steel moment
frame structures. While none of the steel
frame structures damaged in the Northridge
earthquake collapsed or caused serious injury
to their occupants, their damaged condition
leaves them vulnerable to future earthquakes
and or aftershocks. Additionally, thousands
of buildings built to the same specifications
as those that suffered severe damage in the
Northridge earthquake are vulnerable to an
earthquake of similar or greater magnitude.

Approach

During FY1997, BFRL will perform
experimental investigations of full-scale
beam-to-column connections to evaluate
three different repair/rehabilitation strategies.
These repair/rehabilitation strategies, found
from SAC Phase 1 investigations to hold the
most promise, include: welded haunch,
bolted bracket and section reduction. The
BFRL tests extend previous work conducted
for SAC by considering two-sided



connections and the effect of the floor slab.
Results of the BFRL tests, combined with
previous results from tests of one-sided, bare
steel connections, will be used to validate
design procedures for the three
repair/rehabilitation procedures. Design
guidelines will then be prepared with
participation from the American Institute of
Steel Construction.

Recent Results

Gross, J., and Kaufman, E. J., Failure Analysis
of Welded Steel Moment Frames Damaged in the
Northridge Earthquake, NISTIR 5944,
National Institute of Standards and
Technology, January 1997.

Gross, J., and Nabih Y., A Survey of Steel
Moment-Resisting Frame Buildings Affected by the
1994 Northridge Earthquake, NISTIR 5625,
National Institute of Standards and
Technology, April 1995.
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Implementation of National
Lifeline Plan

Principal Investigators
Bijan Mohraz
Structures Division
301-975-6079

Riley M. Chung
Structures Division
301-975-6062

Sponsor
National Institute of Standards and
Technology

Objective

To assess the Lifeline Plan and proceed with
its implementation for developing seismic
safety guidelines for rehabilitation and design
of lifeline systems.

Problem

In September 1995, FEMA submitted to
Congress a "Plan for Developing Seismic
Guidelines and Standards for Lifelines,"
FEMA 271, 5/96, referred to as the "Lifeline
Plan." Among the recommendations was a
cost effective approach that will result in
near-term implementation activities to
reduce the current vulnerability of existing
lifelines. The Plan also recommended
establishment of a Lifeline Seismic Safety
Executive Board (LSSEB) to manage and
coordinates the development of the
guidelines.

Approach

The project will support the implementation
of the "Lifeline Plan" and examine how best
the Plan can be implemented through
partnership between the private/public
sectors and the federal government. It will
provide technical and managerial support for
the formation of the LSSEB. The project will
include the following tasks:

1. Conduct a workshop in collaboration with
ASCE to support the development of seismic
safety guidelines and assess the Lifeline Plan



and its implementation through partnership
between the private/public sectors and
Federal Government.

2. Assess the need and proceed with
establishing LSSEB based on the
recommendations to be developed by the
workshop participants and provide technical
and managerial support to the Board for the
implementation of the Plan.

3. Formulate development of guidelines for
liquid fuel systems based on the outcome the
two current efforts conducted by others
through NIST's external research program
and begin recommended studies, if needed.

Recent Results

Dikkers, R. D., Chung, R. M. Mohraz, B.,
Lew, H. S., and Wright, R. N., Proceedings of
the 1991 Workshop on Developing and Adopting
Seismic Design and Construction Standards for
Lifelines NISTIR 5907, National Institute of
Standards and Technology, October 1996.
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Management of the Interagency
Committee on Seismic Safety in
Construction (ICSSC)

Principal Investigator
Ann Bieniawski
Structures Division
301-975-6065

Sponsor
Federal Emergency Management Agency
Mitigation Directorate

Objective

To facilitate and expedite the work of the
Interagency Committee on Seismic Safety in
Construction (ICSSC) by providing the
Chair and Technical Secretariat.

Problem

The National Earthquake Hazard Reduction
Program (NEHRP) established the ICSSC to
assist Federal departments and agencies
develop, improve, and maintain seismic
safety programs for all types of construction.
Thirty-three Federal departments and
agencies currently participate in the ICSSC.
The National Earthquake Hazard Reduction
Act (amended by Public Law 101-614)
designates the director of NIST, or his
deputy, as the chair of the ICSSC. BFRL
provides the Technical Secretariat to the
ICSSC, to facilitate, document, and
disseminate the work of the committee.

The ICSSC has published and distributed
implementation guidance for Executive
Order 12941, Seismic Safety of Existing
Federally Owned or Leased Buildings.
Section 2 of the Order requires all
building-owning agencies to develop a
seismic inventory and an estimate of the cost
of achieving adequate seismic safety in their
buildings. The information that is collected
on the Federal Government's half-million
owned buildings will be used to examine
potential rehabilitation programs, and to
recommend to Congress an economically
feasible way to upgrade the seismic safety of
the Federal building population.



The ICSSC guidance is aimed at ensuring
that the data collected by the agencies is
consistent in content and format, so that an
effective seismic rehabilitation program,
based on reliable and defensible data, will be
proposed to Congress. The ICSSC guidance
was published in two volumes including a
"how-to" handbook. Continued efforts are
needed on the part of the ICSSC to
encourage consistent data collection,
interpretation, and reporting by the agencies.
The information collected by the agencies
will be submitted to the ICSSC between now
and 1998, for incorporation into a
government-wide database, with entries on
all the half-million owned buildings. The
government-wide database will serve as the
primary source of information for the
examination of potential rehabilitation
programs and the report to Congress.

Approach

During FY1997, BFRL will continue serving
as the ICSSC Technical Secretariat and will
continue to carry out the basic day-to-day
management of the full committee and the
five subcommittees: organizing and
documenting meetings, maintaining rosters,
disseminating information. The ICSSC will
encourage consistency of implementation of
EO 12941 by:

1. Developing cost estimating tools and
methodologies. Submitted data will be used
to assess vulnerability of a wide variety of
building types. The Second Edition - Typical
Costs cost estimating methodology will be
adapted for use in sub-dividing cost estimates
into the cost reporting categories called for in
the ICSSC guidance. Other potential tools
and methodologies that could aid the
agencies will be identified and developed.

2. Holding twice-yearly workshops to
provide a forum for agencies to share
successes and difficulties in implementing the
order. Agency personnel will be trained in the
use of the ICSSC-developed methodologies.

3. Providing additional agency-specific
technical support upon request, in the form
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of explanation, interpretation and/or training
in the use of the ICSSC guidance documents,
distribution of ICSSC documents,
presentations at meetings, review and
comment on proposed methodologies, and
similar efforts.

4. Serving as Database Manager who will
develop the basic framework for the
government-wide database, and begin
working with agency personnel to test
protocols for transmitting data.

Recent Results
No recent publications.



Technical Assistance to FEMA
Project Officer (Existing Buildings)

Principal Investigator
Ann Bieniawski
Structures Division
301-975-6065

Sponsor
Federal Emergency Management Agency
Office of Earthquakes and Natural Hazards

Objective

To provide technical review of FEMA-funded
projects aimed at developing design and
construction guidance documents for seismic
rehabilitation of existing buildings.

Problem

FEMA supplements the capabilities of their
own staff by using the technical expertise of
BFRL personnel.

Approach
During FY1997, BFRL will assist FEMA
perform the following:

1. Implement Section 2 of Executive Order
12941, "Seismic Safety of Existing Federally
Owned or Leased Buildings";

2. Complete "Guidelines for Seismic
Rehabilitation of Buildings," and supporting
documentation, being prepared by
BSSC/ATC/ASCE;

3. Complete "Existing Buildings 2005,"
development of a strategy for improving
seismic rehabilitation tools between now and
2005;

4. Investigation of the seismic rehabilitation
of Federally assisted and regulated buildings;
and

5. Update FEMA 178, the NEHRP
Handbook for the Seismic Evaluation of
Existing Buildings.
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Recent Results

Bieniawski, A. S., “Executive Order 12941
Mitigating Seismic Risk in the Federal
Inventory,” Proceedings of EERI New Madrid
Zone regional Seminar on Seismic Engineering
Issues, September 1996.



Technical Assistance to FEMA
Project Officer (New Buildings)

Principal Investigator
H.S. Lew

Structures Division
301-975-6061

Sponsor
Federal Emergency Management Agency
Mitigation Directorate

Objective

To provided technical review of
FEMA-funded projects on development of
improved building codes for seismic design of
new construction.

Problem
FEMA supplements the capabilities of it’s
staff by using BFRL’s technical expertise.

Approach

During FY1997, BFRL will participate in
technical subcommittees of the BSSC
Update Project including the NEHRP
Recommended Provisions for the
Development of Seismic Regulations for New
Buildings. All ballot submittals from the
Provisions Update Committee will be
reviewed. At the request of the FEMA Project
Officer, BFRL staff will participate in
proposal evaluation panels and selected
technical seminars and meetings.

Recent Results
No published results.
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Support Implementation of EO
12699

Principal Investigator
Ann Bieniawski
Structures Division
301-975-6065

Sponsor
Federal Emergency Management Agency
Mitigation Directorate

Objective

To support implementation of Executive
Order 12699 on seismic safety of new
Federal construction by providing technical
assistance when requested by affected
agencies, and by producing appropriate
technical studies.

Problem

Federal Government Agencies may lack
knowledge of seismic design and construction
principles, and content and use of building
codes. As model codes and source documents
are updated, agencies may need guidance on
which codes are appropriate for Federal use.

Approach
During FY1997, BFRL will upon request of
an affected Federal agency:

1. Provide a speaker knowledgeable on EO
12699 and implementation issues, for
meetings in the Washington, DC area;

2. Provide multiple copies of existing
literature, published by NIST, supporting
implementation of the EO;

3. Review proposed implementation
procedures or regulations for appropriateness
of technical content; and

4. Duplicate and disseminate materials
produced by affected agencies for purposes of
information-sharing with other agencies (only
at request of the producing agency).

Recent Results



Provided ongoing technical assistance to
Federal agencies.

Secretariat U.S.-Side Panel on
Wind and Seismic Effects

Principal Investigator
Noel J. Raufaste
BFRL Headquarters
301-975-5905

Sponsors
National Institute of Standards and
Technology

Nine Federal Agency Members

Objective

To provide the U.S. Secretariat of the
U.S.-Japan Panel on Wind and Seismic
Effects.

Problem

Loss of life and property result from
insufficient knowledge to adequately design
and construct buildings and other structures
cost-effectively against high winds and
seismic loads. Improved mitigation practices
are in early stages of development. Technical
collaboration between experts in the United
States and Japan continue to produce
findings that improve natural hazard
mitigation practices. Such improvements are
possible through joint working relations with
experts from the United States and Japan
through performing joint research projects
and exchanges of research personnel,
technical data and information, and research
equipment. [This Panel is part of the
U.S.-Japan Natural Resources Development
Program under the aegis of the U.S.-Japan
Cooperative Science Program of 1961.]

Approach

During FY1997, BFRL will:

1. Plan U.S.-side activities (19 Agency
membership) for scheduling U.S.-side efforts
in participating in the 29th Joint Panel
Meeting, Japan and hosting two U.S. Panel's
domestic meetings.
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2. Manage the U.S. delegation's technical
contributions to Annual Joint Meetings.

3. Plan and coordinate technical activities of
the 11 Task Committees.

4. Manage U.S. delegation to Japan-side
hosted Meetings and Workshops and
developing technical programs for U.S.
hosted meetings.

5. Maintain liaison with U.S. and Japan
Panel members and other experts associated
with the Panel's activities.

6. Plan Japan Panel member visits to the
U.S. under the auspices of the Panel, e.g.,
post disaster investigations, special studies,
data gathering.

7. Maintain administrative and technical
records.

8. Prepare and distribute periodic activities
reports, and other materials as appropriate to
U.S.-side Panel and Task Committee
members.

9. Participate in Joint Panel meetings and
Task Committees.

10. Prepare and publish annual
Proceedings.

Recent Results

Raufaste, N., J., Wind and Seismic Effects,
Proceedings of the 28th Joint Panel Meeting,
NIST SP 904, National Institute of
Standards and Technology, 1996.



STRUCTURES DIVISION

STRUCTURAL
EVALUATION






Construction Automation

Principal Investigators
William C. Stone
Structures Division
301-975-6075

Lawrence E. Pfeffer
Structures Division
301-975-6067

Sponsor
National Institute of Standards and
Technology

Objective

To develop new techniques and standards for
real-time construction site metrology and to
develop a national standard for kinematic
modeling of construction site machinery and
displaying robust graphical representations
which depict the real time state of the
machine to a remote node on the
information superhighway.

Problem

The emergence of high speed computer
communication networks (the "information
superhighway") and the rapid advance of
real-time, immersive, computer graphics
(virtual reality) technologies presage the
imminent ability to manage remote
construction sites from central offices; to
automate certain portions of the tasks
performed by common construction
machines; and to provide information on the
state of such machines to operators (on-site
or remote) that would greatly enhance their
productivity. Limited demonstrations of this
type of technology, largely relating to the
control of robotic spacecraft and, more
pertinently, to the tele-operation of simple
machines for the handling of nuclear waste,
have been conducted.

In order to achieve acceptance in the
construction industry, a standard means of
rapidly interfacing any piece of machinery to
a construction-site database must be
developed. The development of this
standard may not be fully addressed by the
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construction industry itself, where corporate
research budgets are limited. Nor will it be
developed by equipment manufacturers who,
develop proprietary systems which inhibit
data exchange with other systems that might
be operational at a construction site. The
underpinning to the above technology is the
ability to know the real-time position of any
piece of equipment and component on the
construction site. Present surveying tools
suffer from many shortcomings; the most
important is they must operate under
line-of-sight (LOS) conditions. The
development of a non-line-of-sight surveying
system, which can in effect "see through
walls," represents the ultimate pinnacle of
construction site metrology and has guided
the focus of BFRL'’s research in NLS
metrology.

Approach

During FY1997, BFRL will establish an
initial version of a Construction Automation
Test-bed.

1. Acquire, develop, characterize, and
integrate sensors (and wireless
communications equipment) into a real-time
computer system for the test-bed. The
information from these sensors should be
sufficient to determine the kinematic state of
a representative construction vehicle and (if
possible) the state of objects being handled
by the vehicle.

2. Investigate methods for representing
kinematic data for both rigid bodies and for
simple mechanisms (e.g., construction
vehicles.) Investigate how
functionality/interface aspects will influence
future construction-site database
development. Develop an initial
specification, and implement in the test-bed.
Evaluate the specification, and plan for
future extensions.

3. Extend the existing virtual site
simulator toward the functionality of a
construction automation test bed. Integrate
wireless communications system from vehicle
to graphical simulator. Incorporate object
and vehicle models into the site model,



animated by real-time sensor data. Improve
the 3-D graphic fidelity; make provisions for
extension from passive monitoring to
tele-operation/control.

BFRL will develop a range-error
compensation model based on non-dispersive
ray tracing techniques, which heretofore have
largely been used for computer graphics
rendering. In the proposed research, CAD
models of simulated construction sites will be
developed and material characteristics, based
on the extensive empirical EM material
propagation data acquired in FY96, will be
attached to various entities in the CAD
model - e.g. this panel is concrete; that one is
glass etc. This model will then be used to
estimate range error in calculated position
determined using the NLS system, and will
thus allow conclusions to be drawn
concerning the accuracy achievable through
NLS and its limitations and possibly will
identify avenues for further resolution
enhancement. The more complex
phenomenon of EM wave propagation in
dispersive media will be addressed in FY98.

Recent Results

Stone, W. C., NIST Construction Automation
Program Report No. 3: Electromagnetic Signal
Attenuation in Construction Materials, NISTIR
6055, National Institute of Standards and
Technology, September 1997.

Stone, W. C., NIST Construction Automation
Program Report No. 2: Proceedings of the NIST
Construction Automation Workshop, March 30-
31, 1995, NISTIR 5856, National Institute
of Standards and Technology, June 1996.

Stone, W. C., NIST Construction Automation
Program Report No. 1: Non-Line-of-Sight (NLS)
Construction Metrology, NISTIR 5825,
National Institute of Standards and
Technology, April 1996.
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High-Performance Concrete:
Design and Construction Practices

Principal Investigators
Nicholas J. Carino
Structures Division
301-975-6063

Dat Duthinh
Structures Division
301-975-4357

Sponsor
National Institute of Standards and
Technology

Objective

To enhance the application of
high-performance concrete in the
construction of new facilities and the
rehabilitation of existing ones.

Problem

The benefits of high-performance concrete
are given in CERF Report #94-5011
"High-Performance Construction Materials
and Systems: An Essential Program for
America and Its Infrastructure." The report,
developed by a cooperative effort of key
individuals from industry, academe, and the
Federal Government, identifies research
related to high-performance concrete to
enhance the competitiveness of the U.S.
construction industry and reduce the
life-cycle costs of constructed facilities. The
report notes that there are impediments
preventing exploitation of the unique
properties and advantages of
high-performance concrete. This multi-year
project aims to remove some of the critical
barriers through research in structural
behavior, testing standards, and construction
practices.

High-strength concrete offers the potential
for cost savings in construction due to
reduced member dimensions, the capability
to accommodate rapid construction
schedules, and enhanced service life.



However, from a structural perspective,
high-strength concrete is inherently more
brittle than normal strength concrete (NSC).
Therefore, failure mechanisms in structural
members need to be understood before
appropriate design criteria can be developed.
Lacking the necessary knowledge, design
codes have taken a conservative approach
and limit the concrete strength that can be
used to compute member resistance to tensile
failure modes. For example, current ACI
provisions for shear strength are limited to
concrete with strength less than 70 MPa. For
higher strength concrete, code provisions
require an increase in minimum shear
reinforcement, but otherwise provide no
guidance in dealing with higher strength
concrete. Limitations such as these place
barriers on the exploitation of the potential
properties of high-strength concrete. This
project aims to provide the technical basis for
design criteria applicable to structural
members made with high-strength concrete.

Curing concrete is a critical step in the
construction process. Sufficient curing is
needed to ensure that the concrete properties
will develop and that the finished product
serves its intended function. Unnecessary
prolonged curing adds to construction costs.
Curing standards are based on information
from normal concrete mixtures. These
concretes contained portland cement as the
only binder and did not have set controlling
admixtures. High-performance concrete
typically contains a blend of cementitious
materials and often includes chemical
admixtures that affect early-age hydration.
Thus current prescriptive curing
requirements, which are over 50 years old,
may not be applicable to high-performance
concrete mixtures. In addition, current
standards make no distinction between
curing to obtain adequate strength and
curing to obtain adequate durability. Because
durability is influenced highly by the
near-surface layer, whereas strength is
influenced by the concrete mass, different
curing methods may be needed depending on
the objective. A new look at the subject of
curing is critical to ensure that the potential
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benefits of high-performance concrete can be
realized economically. Current research
practice is to study the effects of curing on
small specimens, such as 100 mm x 200 mm
cylinders. However, the properties measured
on such specimens may not be indicative of
those in a structure because of differences in
moisture movement.

Approach

During FY1997, BFRL will focus on the
shear friction behavior of high-strength
concrete across cracks. This shear friction
contributes significantly to the shear-carrying
mechanism of reinforced concrete beams.
Shear crack surfaces are smoother in
high-strength concrete than in
normal-strength concrete because cracks
propagate though the aggregates in HSC as
opposed to going around them as in NSC.
Thus a significant reduction in the shear
friction of HSC is expected compared with
NSC. "Push-off" type specimens will be used
to investigate the influences of factors such as
aggregate size and shape, aggregate strength,
aggregate volume and compressive strength.
The results of these tests will add to the
database on shear friction behavior of
cracked concrete which is limited for concrete
strength above 60 MPa. Results will be made
available to ACI Committee 445 on shear
and torsion and to ACI Committee 318 on
the building code.

A cooperative study will be performed to
investigate the applicability of unbonded
polymeric caps to testing high-strength
specimens. The use of these caps is increasing
because of the labor reduction compared
with sulfur capping or grinding. However,
there are few data from well-controlled
experiments to show that the unbonded caps
do not reduce the measured strength of the
specimens. Results will be synthesized and
developed into recommendations for ASTM
Committee C9.

BFRL will provide the basis for rational
curing criteria that will ensure the required
strength and durability. An important
guestion that will be addressed by this



research is the efficacy of moist curing when
mixtures with low water to cementitious
materials ratios are used. When these
mixtures reach a fraction of their ultimate
level of hydration, the capillary pores in the
paste become discontinuous and water
movement into and out of the concrete
becomes controlled by diffusion through the
cement gel. Results will be synthesized into a
suitable form for presentation to ACI
Committees 308, 318 and 363 for
incorporation into reports and standards.

Recent Results

Duthinh, D., and Carino, N. J., Shear Design
of High-Strength Concrete Beams: A Review of the
State-of-the-Art, NISTIR 5870, National
Institute of Standards and Technology,
August 1996.

Carino, N. J., Guthrie, W. F., Lagergren, E.
S., and Mullings, G. M., "Effects of Testing
Variables on the Strength of High-Strength
(90 MPa) Concrete Cylinders" Proceedings of
the ACI International Conference on
High-Performance Concrete, Singapore,
November 15-18, 1994, ACI SP-149, pp.
589-632 .

Carino, N. J., Guthrie, W. F., and Lagergren,
E. S., Effects of Testing VVariables on the
Measured Compressive Strength of High-Strength
(90 MPa) Concrete, NISTIR 5405, National
Institute of Standards and Technology,
October 1994.
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Fire Resistance of High-Strength
Concrete

Principal Investigator
Long T. Phan
Structures Division
301-975-6077

Sponsor
National Institute of Standards and
Technology

Objective

To understand performance characteristics of
high-strength concrete (HSC) when exposed
to high temperatures, develop analytical
tools for assessing fire performance of HSC,
and implement research results into code
provisions for fire design of HSC.

Problem

For its economic (carry a compression load at
less cost than lower-strength concrete) and
architectural (allow smaller columns to be
used) advantages and its availability, HSC is
being used more widely in structural
applications such as columns of high-rise
buildings, prestressed concrete members, and
offshore structures. However, HSC is a
state-of-the-art material and little is known
about its fundamental behavior (damage
mechanism) when subjected to rapid heating
as in the case of fire. To address this issue, in
FY1996 BFRL assessed the body of
knowledge about the fire performance of
HSC.

The review indicates that a limited number of
experimental studies concerning fire
performance of concrete (both normal and
high-strength) have been conducted to date.
Of these studies, only the more recent ones
considered HSC. Furthermore, most of these
recent studies were done in Europe and
involved siliceous aggregates that have
different thermal expansion properties than
those used in the United States Because
these studies are limited in number (relative
to the number of variables that influence the
fire endurance of HSC), they can not be used



to develop a behavioral model of the effect of
high temperature on HSC with statistical
confidence. However, they confirm
important behavioral differences between
HSC and normal strength concrete (NSC).
These include:

- The tendency of HSC to spall explosively
when subjected to high temperature (above
300 °C).

- The larger decrease in compressive strength
and modulus of elasticity of HSC in the
temperature range of 100 °C to 300 °C
compared with NSC.

Approach

During FY1997, BFRL will perform three
phases:

1. Experiments will consist of materials

testing (elevated temperature tests of
specimens) and element testing (tests of
beams, columns, slabs, walls). This phase is
designed to gain an understanding of the
fundamental behavior of HSC at high
temperature and, more importantly, to
develop data necessary for the development
and validation of predictive models which
can account for the moisture transport and
the sudden spalling of HSC when subjected
to fire.

2. The experimental data obtained from
this and other studies will be used to develop
a material model to predict damage of HSC
due to high temperature. The basis for the
model may be adopted from the pore
pressure models by Bazant or Ahmed, but
including the measured properties
(permeability, moisture content, rate of
moisture loss, etc.) characteristic of HSC.
Data obtained from element tests in Phase 1
will be used for model validation. The
material model will then be implemented in a
computer program (possibly University of
Liege's SAFIR, which has been acquired as
part of the work in FY1996) and used in
parametric studies to aid in assessing the fire
performance rating for HSC structural
elements.
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3. The experimental and analytical data
will be synthesized and tabulated into a
useable form, such as a practical constitutive
relationship for HSC at various
temperatures, suitable for design purposes,
and presented to code writing organizations
for implementation.

Recent Results

Phan, L. T., “Fire Performance of High-Strength
Concrete, A Report of the State-of-the-Art,”
NISTIR 5934, National Institute of
Standards and Technology, December 1996.



Fiber Reinforced Polymer
Composites in Construction

Principal Investigators
John L. Gross
Structures Division
301-975-6068

Dat Duthinh
Structures Division
301-975-4357

Sponsor
National Institute of Standards and
Technology

Objective

To develop guidelines for the use of Fiber
Reinforced Polymer (FRP) composites in
repair and rehabilitation of infrastructure
facilities; to develop the technical basis for
the application of FRP to new structural
forms for replacing infrastructure facilities.

Problem

Much of the U.S. infrastructure is in need of
repair or replacement as a result of damage
caused by heavy use and exposure to the
environment. Additionally, some of the
Nation's infrastructure facilities are in need of
rehabilitation to either increase their capacity
or to improve their seismic performance.
Fiber Reinforced Polymer (FRP) composites
have been demonstrated to provide an
economical solution to these repair and
rehabilitation problems. In addition, FRP
composites show promise for new
construction as alternatives to traditional
materials.

The ease of handling and application, the
minimal disruption to the structure's
function, and the versatility of the materials
have all contributed to the widespread use of
FRP in repair and rehabilitation of damaged
and decaying structures. The extent to which
FRP will be used depends on 1) the
resolution of outstanding technical issues
such as fire performance and durability, 2)
the extent to which automation in the
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manufacturing process can reduce cost, and
3) the availability of validated codes,
standards and guidelines which can be used
as design references and tools by the civil
engineering profession.

Approach

During FY1997, BFRL will perform world-
wide search of FRP related products, research
results, available test methods, and successful
applications. They will be synthesized to
assess the current state of practice in
applying FRP to repair and rehabilitation of
infrastructure facilities. A workshop will be
convened to determine the specific needs for
standards and to identify areas where the
technical basis for such standards is
insufficient. Guided by the workshop
recommendations, analytical and/or
experimental research will be conducted to
provide the technical basis for the
development of guidelines and draft
standards for the repair and rehabilitation of
structures using FRP. The guidelines and
draft standards developed by NIST will be
proposed to the industry for consideration in
the consensus standards process.

At the same time, applications of FRP in new
construction will be investigated. Possible
areas include innovative systems for
short-span vehicular bridges. An expert panel
will be assembled to establish potential
applications where the unique characteristics
of FRP composites can be used to advantage
to reduce the life-cycle costs of new
construction. At the same time, the technical
barriers to widespread use of FRP composites
will be identified. Based on this information,
a research plan will be formulated to address
these barriers.

Recent Results
New project



Next Generation Design Standard
For Wind Loads

Principal Investigator
Emil Simiu
Structures Division
301-975-6076

Sponsor
National Institute of Standards and
Technology

Objective

To develop key elements of a
knowledge-based improved wind load design
standard that will make extensive use of site -
and building-specific databases and
state-of-the-art computational methods for
establishing site-specific design wind speeds
and the corresponding steady and fluctuating
structural loads.

Problem

There are a number of significant deficiencies
in the wind load design provisions of current
U.S. codes and standards. They include 1)
crude simplifications of loading models due
to the need in traditional standards to
summarize a wide range of information in
one table or even one number; 2) extreme
winds and corresponding load factors derived
from outmoded estimation methods; 3)
exposure coefficients that cannot deal with
complex wind exposures (the normal case);
4) gross simplifications of extreme pressures
and loads that ignore the directional effects
of wind; and 5) no distinction between
design for safety and design for serviceability.

Approach

During FY1997, BFRL will 1. develop "peaks
over threshold" extreme value estimation
approach to hurricane load estimation,
taking wind directionality into account; 2.
develop aerodynamics databases for a pilot
module of the new type of standard; 3.
acquire information on typical frame design,
development of corresponding influence line
plots for the pilot module, testing of the
conceptual approach to a new standard, and
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assessing its benefits; 4. coordinate the BFRL
computational fluid dynamics researchers
group to explore potential of CFD methods
to supplant wind tunnel testing for loads on
wind-force resisting systems; 5. monitor the
incorporation of updates to ASCE 7-95 into
the BFRL develop interactive software; and
6. work with insurance workers and
standards groups on improvement of current
design methodologies for hurricanes and
tornadoes.

Recent Results

Simiu, E., Hackert, N. A. And Whalen, T.
M., Estimates of Hurricane Wind Speeds by the
Peaks Over Threshold Method, NIST TN 1416,
National Institute of Standards and
Technology, February 1996.

Whalen, T. M., Probabilistic Estimates of
Design Load Factors for Wind Sensitive
Structures Using the Peaks Over Threshold
Approach, NIST TN 1418, National Institute
of Standards and Technology, April 1996.
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Computer-Integrated Knowledge
Systems (CIKS) for High-
Performance Construction
Materials and Systems

Principal Investigator
Lawrence Kaetzel

Building Materials Division
301-975-5912

Sponsor
National Institute of Standards and
Technology

Objective

To develop and demonstrate Computer-
Integrated Knowledge Systems (CIKS) for
High-Performance Construction Materials
and Systems (HPCMS).

Problem

The President’s National Science and
Technology Council has developed, with
strong endorsement by the industries of
construction, a set of National Construction
Goals that focus on better constructed
facilities and health and safety of the
construction workforce. They include a call
for significant reduction in delivery time;
reduction in operation, maintenance, and
energy costs; increase in productivity and
comfort; reduction in occupant related
illnesses and injuries; reduction in waste and
pollution; increase in durability and
flexibility; and reduction in construction
work illnesses and injuries. At the same time,
the Civil Engineering Research Foundation
(CERF), working with the construction
materials industry, has drawn attention to
the need for creating a computer-integrated
knowledge system for HPCMS that is
planned, built, and maintained at a national
level and will serve as the corner stone of its
technology development strategy. The
highly fragmented nature of the industries of
construction makes it difficult for all
stakeholders -- owners, architects, designers,
specifiers, construction planners, site
managers, facilities managers, materials
suppliers, equipment suppliers, the labor
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force, trade/professional organizations,
standards development organizations,
public/private technology transfer centers,
universities and research institutes, and
government/private laboratories -- to access
and use the data, information, and
knowledge necessary for widespread
deployment of HPCMS. Such deployment
will contribute to the realization of the
National Construction goals and the specific
economic and commercial benefits that
derive from them.

Approach

During FY1997, BFRL will develop a meta
model on knowledge sources, processes, and
requirements for CIKS. The CIKS testbed
will be used to test the meta model using
NIST HPCMS knowledge, information, and
data, in addition to that provided by other
construction industry organizations.
Coordination will be necessary among all
HPCMS projects that deal with
computerized knowledge bases on
construction materials. Input from CERF
CONMAT Council and the CIKS
Construction Materials Working Group
groups will be used in the design and
requirements for CIKS. Efforts by private
industry, academia, and government
organizations will be evaluated for possible
use and interfaces for CIKS. Workshops will
be held to determine user needs. User needs
will be compared against new and innovative
enabling information technologies and
standards activities. Opportunities for
establishing consortia and CRADA'’s between
BFRL and construction industry
organizations will be explored. Collaboration
with leading universities such as Stanford
and Carnegie-Mellon Universities who are
engaged in knowledge management and
information modeling will be sought. An
Internet presence via the World Wide Web
will be available to disseminate information
and application systems related to the
HPCMS program. Examples of information
that will be available via CIKS includes;
material property databases, manuals,
published reports, decision-support systems,
computer-based models (service-life



prediction), and economic analysis software.

Recent Results

Kaetzel, L., Kurihara, T. Y., Computer
Integrated Knowledge Systems (CIKS) for
Construction Materials, Components and
Systems: Proposed Framework, NISTIR 6071,
National Institute of Standards and
Technology, October 1997.
(www.ciks.nist.gov)
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Computer-Integrated Knowledge
System, (CIKS) for High
Performance Coatings

Principal Investigators
Lawrence Kaetzel

Building Materials Division
301-975-5912

Thomas Kurihara
Building Materials Division
301-975-3876

Mary McKnight
Building Materials Division
301-975-6714

Sponsor
National Institute of Standards and
Technology

Objective

To develop an architecture, information
models and operational computerized
systems for the representation and
dissemination of knowledge concerning high
performance organic coating used for
protecting steel structures.

Problem

Coatings provide a versatile and cost-
effective means for protecting steel structures
against adverse environmental conditions,
but, because of the large number of factors
which need to be considered, and the
inaccessibility of data, decisions concerning
coating systems having a long service life in
their intended service environment are often
difficult to make. Currently, users of coating
systems must rely on information that is
represented in many different forms and in
many diverse ways. These include manuals,
guides, photographs and drawings, videos,
databases, and other references. In addition,
the advice of the human expert is often
needed in reaching a decision. An integrated
knowledge system that includes different
forms of knowledge and is presented in a
coherent format will help to overcome these
obstacles and improve the specification,



selection, and use of coatings systems for
protecting steel, thus improving the
performance and extending the service life of
structures.

Approach

During FY1997, BFRL will develop a CIKS
based decision-making process and
knowledge bases on coating materials will be
identified or generated, as necessary. The
research involves identifying the data
elements used in the decision-making
process, defining and establishing an
information model or activity model that
describes the knowledge, information, and
data flows for testing within the CIKS
testbed, and developing computerized
prototypes and operational systems for
distribution. BFRL will work with the CIKS
Coatings Working Group setup under the
auspices of the Civil Engineering Research
Foundation CONMAT Council and the Steel
Structures Painting Council Committee
C.4.10 on “Knowledge Based Systems for
Coatings.” During the first phase of the
interaction, an activity model will be
developed that describes the information
requirement and processes used by highway
engineers in determining the appropriate
coating system for recoating highway steel
bridge structures. This project contributes to
the development of Knowledge Systems for
High Performance Construction Materials
and Systems and will be disseminated by the
HPCMS World Wide Web server and other
networks. The architecture and methods
developed in this project will be applicable to
other construction materials and will have
broad application within the construction
industry.

New methods for improved dissemination
and access to geographically distributed
knowledge bases will be investigated,
including the intelligent agents that allow
more efficient commuter-computer and
human-computer interactions. The CIKS
testbed (computerized system and software
development tools) being developed in BFRL
will provide a framework for the
development and testing of the methods.
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The testbed will be accessible through high-
speed data links to other organizations
including the University of Kansas, NIST
Radiometric Physics Division, Steel
Structures Painting Council, and the
Infrastructure Technology Institute at
Northwestern University. Standards
activities such as STEP, Electronic Data
Exchange, Knowledge Query Language will
be evaluated and implemented if they apply.

Recent Results

The COEX (Coatings Expert Advisory
System) was reviewed by coatings industry
personnel. Capabilities to distribute decision
support systems via the Internet, including
COEX were installed at the CIKS testbed.

The coating product data format ballot was
approved in SSPC and a National
Association of Corrosion Engineers (NACE)
task group was established at NACE to
review the format. Implementation of
databases using the format was performed.



Coatings Service Life Prediction
Consortium - Task I:
Quantification of
Photodegradation Effects of
UV-radiation in the Field and
Laboratory

Principal Investigator
Jonathan Martin

Building Materials Division
301-975-6717

Sponsors
National Institute of Standards and
Technology and

FHWA and industry partners

Objective

To develop methodologies for
mathematically predicting from the
photodegradation response of the materials
exposed to UV-radiation, the service lives of
organic coatings and other polymer materials.

Problem

UV-radiation, along with the wetness and
temperature of a material, are usually the
prime weathering factors determining the
service lives of organic coatings and other
polymeric systems exposed outdoors in most
non-industrial environments. The inability to
control or adequately characterize temporal
changes in these weathering factors is one of
the major challenges which must be
overcome before establishing a connection
between the degradation response of
polymeric materials exposed in the laboratory
and the field. This project is directed at
establishing the linkage between the
degradation effects of UV-radiation in the
field and the laboratory needed in predicting
service life from the results of laboratory
tests.

Approach

During FY1997, BFRL will refine a
mathematical model that mathematically
relates photodegradation results obtained

from field and laboratory exposure
experiments. This model requires knowledge
of a material's spectral UV-absorbency and its
spectral quantum yield along with knowledge
of the spectral UV-irradiance to which it is
exposed.

Recent Results

Floyd, F.L. and Martin, J.W.
“Forschungsplanung mit Hilfe der
Reliabilitatstheori,” Farbe und Lack 102: 28.

Saunders, S.C. and Martin, J.W. “Statistical
Models for Cumulative Damage in Coatings
Due to Photolytic Degradation,” J. of Polymer
Science, 1996.

Frohnsdorff, G. J. and Martin, J.W. “Toward
Prediction of Building Service Life-The
Standards Imperative,” Proceedings of the 7th
International Conference on the Durability of
Building Materials and Components, Stockholm,
Sweden, May, 1996.

Pommersheim, J. Nguyen, T., and Kotterer,
D., “The Effects of Diffusion Osmosis and
Applied Potential On the Growth of
Cathodic Blisters Beneath Organic Coatings,”
American Chemical Society Symposium
Series, January 1995.



Coatings Service Life Prediction New project.
Consortium- Task II: Interactive
Research Program with Industry

Principal Investigator
Jonathan Martin

Building Materials Division
301-975-6717

Sponsor
Industrial Consortium

Objective

To reduce the time required for the
implementation of reliability-based
methodologies into the industrial
community.

Problem

Implementation of reliability-based service
life prediction procedures have led to
improvements in the service life of a wide
range of products. Coupled with design of
experiment and data analysis technologies,
these techniques could lead to significant
reductions in test times. A major impediment
to implementing and accepting these
techniques is this method is different from
the current one. This "hands-on"
experimental program is designed to facilitate
the transfer of this methodology to industry,
to identify problems in its implementation,
and establish a dialogue between industrial
and government researchers.

Approach

During FY1997, BFRL will meet with
representatives from each member company
of the industrial consortium to discuss their
service life prediction problems. A life test
program will be designed and data
requirements specified. The experiments will
be conducted at the representatives facility.
BFRL staff will consult with the company
representative throughout the experiment in
analyzing and interpreting the collected data
and in using software.

Recent Results
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Coating Service Life Prediction New project.
Consortium - Task Il11:User-

Friendly Software System for

Experimental Design and Data

Analysis

Principal Investigators
Jonathan Martin

Building Materials Division
301-975-6717

James J. Filliben
Information Technology Laboratory
301-975-2855

Sponsor
National Institute of Standards and
Technology

Objective

To develop a menu-driven, user-friendly
software system for 486/Pentium-class PC's
for designing experiments, analyzing resulting
data, fitting assumptions, and modeling data.

Problem

The use of modern experimental design and
data analysis techniques has resulted in
savings of time, materials, and money in
many industries. It is likely to be at least as
useful in the coatings industry, in developing
a good relationship between field and
laboratory testing, which will be useful in
substituting specific, short-term laboratory
experiments for lengthy field tests. Software
is needed to expedite the introduction and
use of these techniques.

Approach

During FY1997, BFRL will build on NIST’s
DATAPLOT engineering data analysis
software system, by incorporating the
appropriate approaches and methods. Work
includes experimental design and data
analysis for lifetime tests and techniques for
distributional model fitting based on
accelerated testing.

Recent Results

35



Advanced Models and
Measurements of Optical
Reflectance of Materials

Principal Investigator
Mary E. McKnight
Building Materials Division
301-975-6714

Objective

To develop improved methods for measuring
and models for predicting the reflectance
properties of materials

Problem

The optical reflectance properties of an
object can be of vital importance. They can
greatly influence judgments of the quality of
object through its appearance or affect the
visibility of a warning sign or a camouflaged
object. To provide the physical tools needed
in the development and implementation of
new products in which reflectance properties
are critical, it is essential that the industry
have the physical tools necessary to
accurately quantify the optical reflectance
properties and the modeling capability to
predict them. Current metrology is unable to
accurately quantify some important
reflectance properties. The challenge is to
develop evaluate, demonstrate and
implement the use of new measurement and
modeling methods, filling the knowledge
gaps as needed and coordinate efforts among
the experimental, modeling, and computer
rendering activities.

Approach

During FY1997, BFRL will 1) prepare a set
of materials having a desired range of surface
morphology, 2) collaborate with NIST’s
Physics, Manufacturing Engineering, and
Information Technology Laboratories to
characterize their optical reflectance
properties and their surface morphology,
model their reflectance properties and render
their appearance, and 3) initiate activities
with industry, university and other
government researchers to form a group to
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address research needed to develop and
implement the use of advanced technologies
(measurement, modeling and computer
rendering). The experimental and modeling
data obtained in FY1997 will contribute to
the long-term goal of improved fundamental
understanding of the relationships between
material properties and reflectance
properties.

Recent Results
New project



Spectral Ultra Violet-B Radiation
Database

Principal Investigator
Lawrence Kaetzel

Building Materials Division
301-975-5912

Sponsor
National Institute of Standards and
Technology

Objective

To develop a computerized database system
of solar ultra-violet B radiation data for
dissemination as a 1997 NIST Standard
Reference Data Program product.

Problem

Spectral UV-B radiation (solar) data is
important to a wide range of scientific
disciplines including materials (e.g., color
changes in coatings, textiles, fabrics, and
degradation of composites, plastics and
coatings). The data in the database will be
invaluable input into models for predicting
the service life of building material and in
assessing the relative severity of different
exposure environments throughout the
United States Currently, the Smithsonian
Institution, several universities, and NIST’s
Physics Laboratory are collecting UV-B
spectral irradiance data at several locations
throughout the United States. The NIST
site BFRL is the largest UV-radiation
network in the United States.

Approach

During FY1997, BFRL will; 1) characterize
the data, 2) evaluate the quality control
measures for data accuracy (e.g., calibration,
transformations), 3) develop database
formats to use data from different sources,
and 4) build the database representing
outdoor weathering factors, specifically, solar
spectral UV-B radiation data. A geographical
user interface will be developed. The NIST
Optical Physics Division effort on the
calibration of solar spectroradiometers and
generation of inter-comparison data sets will

be used to develop criteria for establishing
guidelines for data set quality. Databases on
the performance of coating materials will be
used to develop the user interface and to test
the use of the computerized database system
for measuring the environmental effects on
materials performance. BFRL’s Coatings
Service Life Consortium activities will be
used to obtain feedback for the user interface
and to test prototype systems.

Recent Results

The solar ultra-violet B data network became
fully operational during fiscal year 1997.
Remote sites included in the network are:
Phoenix, Arizona, Miami, Florida,
Edgewater, Maryland. Data from Ocean
City, New Jersey and Rockville, Maryland
and the above referenced sites will constitute
the database produced as a NIST Standard
Reference Data Product.



Highway Structures Expert System
for the Selection of Coating
Materials

Principal Investigator
Lawrence Kaetzel

Building Materials Division
301-975-5912

Sponsor
Department of Transportation
Federal Highway Administration

Objective

To develop a computerized expert system on
coatings performance (decision-support
system) that assists FHWA's district staff
and sate DOT engineers by providing easy
access to FHWA research results for the
selection of coatings systems for highway
structures.

Problem

Conventional methods (e.g., published
research reports) used to disseminate
knowledge about coating system performance
often fail to reach their intended audience of
coating users, and coating system users often
lack systematic ways of interpreting and
applying research results in practice. Also,
obstacles such as incompatible or diverse
knowledge formats may hinder access to
relevant coating materials knowledge.

Approach

During FY1997, BFRL will perform four
tasks in developing an expert system for
coating selection:

1. Identify and acquire the knowledge
base for the system, FHWA reports and
Technical Summaries will be the primary
source of knowledge to be incorporated into
the system. Rules will be developed from the
reports and from standards and guides to
accepted practice. The rules will be included
in a framework that will permit users to
obtain recommendations. Other knowledge
in areas such as corrosion control for highway
structural components, and maintenance
coating of weathering steel, will be included
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in the system.

2. Interpret knowledge and develop
the reasoning process (question-response
dialogue) that will guide the user while
interacting with the system, coatings domain
experts will define the system scope,
systematic approaches to solutions based
upon the FHWA reports and user
specifications for the computerized system.
3. Computerize the knowledge
developing a prototype for review, then
refine the system to achieve an operational
status, multiple forms of knowledge will be
used. These will include: a) rules developed
by the domain experts, and video clips to
demonstrate proper procedures for
inspection, surface preparation and the
application of coatings systems, b) digitized
photographs of coating failures, and c)
bibliographic references to support the
conclusions and recommendations made by
the system. A group of users will be selected
to evaluate and provide feedback to the
system during its development. This process
will ensure that a useful system is developed.
Upon completion of the operational system
it will be delivered to FHWA for distribution.
4. Develop a reference document and
train users. The method for distribution of
the system will depend on the computing
platforms available among the user audience.
While it is probable that a CD-ROM will be
used, other methods such as using the
Internet will also be explored.

Recent Results

A prototype decision support system was
developed for use by Federal Highway
District Engineers and State Transportation
Department Engineers.



Effects of Environmental and
Mechanical Stresses on
Fiber-reinforced Polymeric
Composites

Principal Investigator
Joannie W. Chin

Building Materials Division
301-975-6815

Sponsor
National Institute of Standards and
Technology

Objective

To provide the technical basis for predicting
changes in the performance of polymer
matrix composites following exposure to UV,
moisture and mechanical loading.

Problem

The polymer matrix in a fiber-reinforced
composite binds and orients reinforcing fibers
to carry the intended loads, protects them
from handling and environment, and
provides all of the interlaminar shear strength
of the composite. However, the matrix is
often considered to be the weak link in a
fiber-reinforced composite system, since it
may undergo physical damage (in the form of
crazing and cracking) and chemical
degradation during environmental exposure
and stress application.

The durability of polymer composites in
outdoor environments is the primary concern
limiting the acceptance of these materials in
infrastructural applications. In a June 1996
meeting of Federal Agencies, the performance
of composite materials was cited as a major
concern. Specifically of interest was the
long-term durability of these materials when
subjected to temperature cycling, humidity,
freeze/thaw, ultraviolet (UV) radiation,
alkaline and saline immersion, and both
static and dynamic loading.

At present, few studies have been conducted
on the photodegradation of composite
materials combined with moisture,
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temperature and mechanical loading. It is
necessary to understand the mechanisms
which govern polymer degradation, not only
to be able to develop methods for predicting
service life and other aspects of performance,
but also to devise reliable accelerated
degradation tests.

Approach

During FY1997, BFRL will subject polymer
films, and model composites, to static and
cyclic loads, to moisture, alkaline,
environments, sea water, UV radiation and
combinations of these parameters. A novel
weathering device is being designed to
perform the above exposure conditions.
Chemical changes which take place in
commonly used composite matrix resins, e.g.,
vinyl ester and isophthalic polyester, will be
characterized with Fourier transform infrared
spectroscopy (FTIR), x-ray photoelectron
spectroscopy (XPS) and differential scanning
calorimetry (DSC). Changes in viscoelastic
response, stiffness and strength will be
evaluated with dynamic mechanical thermal
analysis (DMTA) and tensile testing. Each of
these techniques is critical to material
characterization at the molecular to the
macroscopic scales as a function of
environmental exposure and mechanical
loading. Exposures will be carried out at
room temperature as well as elevated
temperature to assess acceleration of
environmental damage. Scanning electron
microscopy (SEM), atomic force microscopy
and image analysis will be used to quantify
microcracking and other changes in polymer
surface morphology.

Because degradation processes may be
different in a fiber-reinforced polymer
composite versus the neat polymer, model
composite systems will be employed in
assessing physical and chemical properties as
a function of environmental exposure and
mechanical stress. These model systems will
involve well-defined fiber orientations and
architectures, a minimum number of plies
and low fiber volume fractions. Fibers of
interest include carbon, glass, and/or aramid.
This stage of the study will be undertaken



when the matrix resin study is completed, so
that polymer-related factors which lead to
decreased composite durability can first be
isolated. This study is being coordinated with
a complementary study on the durability of
the interface between composite matrix resins
and reinforcing fibers, so that this important
component of a composite system will also
be included in assessment of overall
durability.

Collaboration with potential users of
polymer matrix composites, in industry as
well as other federal agencies will be sought.
Planning for a Federal Working Group in
Composite Materials is currently underway.
Interactions with the Polymers Division of
NIST will continue to be actively pursued.
Links to industrial manufacturers and users
of composite materials will also be initiated
so that relevant areas of research can be
identified and the appropriate technical
assistance provided.

Recent Results

Chin, J. W., Nguyen, T., and Aouadi, K.,
“Effects of Environmental Exposure on FRP
Materials Used in Construction,” Journal of
Composites Technology and Research, vol. 19,
no. 4, October 1997.

40

Interface/lnterphase
Characterization of Polymeric
Building Materials

Principal Investigator

Tinh Nguyen

Building Materials Division
301-975-6718

Sponsor
National Institute of Standards and
Technology

Objective

To identify methods for quantitatively
characterizing chemical and physical
properties of interfaces and interphases in
aged and unaged polymeric composite
materials and provide the technical basis for
performance tests and predictions of service
life and other aspects of performance.

Problem

The use of polymeric composite materials in
the construction industry is increasing.
Polymeric composite materials, like paints,
painted plastics, adhesives, and
fiber-reinforced composites, are comprised of
a polymer matrix in which other materials are
dispersed causing the existence of an
interface/interphase region; the materials in
this region, have chemical and morphological
properties that are different from the bulk
polymer and, the interphase often includes
impurities, unreacted molecules, or additives.
The interphase is a complex structure which
is not easily analyzed or modeled. The
interface/interphase is believed to control
many of the properties of polymeric
composite materials. It may also be a weak
link in that the interface/interphase region is
often the location of failure initiation.

Approach

During FY1997, BFRL will:

1. Develop methods to characterize the
interface/interphase and its changes with
external stresses.

2. Develop models for describing



interface/interphase regions.

3. Develop models for predicting how
the interface/interface changes under stress.

4, Conduct experiments to provide data
for elucidating interfacial/interphasial
formation and failure mechanisms, and for
validating models.

5. Conduct experiments to determine
the role of interface/interphase properties on
the performance and service life of polymeric
composite systems.

6. Relate interfacial/interphasial failure
data obtained under laboratory conditions to
data from exposures of polymeric composites
under typical service conditions.

Since interface/interphase properties are
matrix/substrate specific, three distinct
polymer/substrate systems will be selected
and investigated to demonstrate the
techniques. The techniques developed and
the knowledge learned should be applicable
to all polymeric composite materials.

Work will focus on identifying and
developing techniques to characterize the
molecular interactions and microstructure
(including defects) in the interface regions,
determine the role of interfacial molecular
interaction and microstructure on the
adhesion of polymeric systems, and assess the
effects of process variables on the interfacial
microstructure and composite performance.

Recent Results
New project.
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Standards for Abatement of
Hazards from Lead in Buildings

Principal Investigator
Mary McKnight

Building Materials Division
301-975-6714

Sponsor

Department of Housing and Urban
Development

Office of Lead-Based Paint Abatement and
Poisoning Prevention

Objective

To expedite development of standards
needed for abatement of hazards from lead in
buildings and related structures.

Problem

An estimated 57 million homes in the United
States contain some lead-based paint.
Although there are increasing numbers of
standards for characterizing the lead
concentrations in paint, dust, soil and air
particulates, and for carrying out lead
abatements, additional standard procedures
are still needed. For example, there is a need
for an overall standard practice or guide for
abating hazards from lead in buildings and
related structures that includes assessment
and analysis of the problem, design of an
abatement strategy, abatement procedures,
and post-abatement management procedures.
ASTM Subcommittee, E06.23, chaired by
BFRL, was organized to meet the need for
development of all the needed standards; it
has already established 19 standards, but the
most complex ones have yet to be completed.

Approach

During FY1997, BFRL will work with ASTM
E06.23 in developing basic standards to
support an overall practice for abatement of
hazards from lead in buildings and related
structures. To maintain the subcommittee's
vitality, additional knowledgeable members
will be recruited, results of applicable
research will be provided to task groups, and
liaisons with related ASTM committees,



including D22, D1, E50, E1 and D18, will be
maintained.

Recent Results

Prepared the texts which ASTM is to publish
is a volume containing 19 full consensus
standards and one provisional standard.
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Method for Evaluation of
Performance of Lead-in-Paint
Measuring Devices Under
Simulated Field Conditions

Principal Investigator
Mary McKnight

Building Materials Division
301-975-6714

Sponsor

U.S. Department of Housing and Urban
Development

Office of Lead Based Paint Abatement and
Poisoning Prevention

Objectives

To identify and quantify factors affecting the
field performance of portable x-ray
fluorescence (XRF) devices for measuring of
lead in paint using a range of simulated field
conditions.

Problem

Recent legislation (Housing and Community
Development Act of 1992, PL102-550) will
phase in requirements for lead-based paint
testing for all housing built before 1978.
These requirements are expected to result in
several new x-ray fluorescence (XRF) devices.
Because of both health and financial
liabilities associated with these
measurements, it is essential to have reliable
estimates of the field performance parameters
of the measurements (e.g., detection limit,
precision, bias). For some XRF devices,
research results have shown that estimates of
these performance parameters obtained using
existing laboratory evaluation procedures do
not agree with estimates obtained using
field-acquired data. Currently, field studies
are being used to characterize additional
devices. However, field studies are limited in
several ways — sites having parameters in the
necessary ranges are difficult to find;
systematic variation of the parameters is
usually not possible; implementation of new
technologies may be impeded; and
fundamental understanding of the
measurement procedures is complete.



Approach

During FY1997, BFRL will characterize and
model the scientific principles controlling the
performance of portable XRF devices, design
and carry out laboratory experiments to
simulate significant field conditions, as
determined by modeling and other
information, carry out a limited field study
to determine whether the laboratory results
are consistent with field results, and prepare
a standard protocol for laboratory evaluation
of portable XRF devices and present it to
ASTM EO06.23 for standardization. Upon
completion of the experimental study, a draft
standard test method for evaluating the
performance of portable XRF equipment will
be written and presented to ASTM E06.23.

Recent Results
No published results.
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Factors Affecting the Leaching of
Lead from Lead-based Paint Films

Principal Investigators

Eric Byrd

Building Materials Division
301-975-6701

Mary McKnight
Building Materials Division
301-975-6714

Sponsor

U.S. Department of Housing and Urban
Development

Office of Lead-Based Paint Abatement and
Poisoning Prevention

Objective

To determine the relative importance of pH,
acid type, acid concentration, surfactant
concentration, lead concentration and
immersion time on the leaching of lead from
lead-based paint films, and to recommend to
ASTM E06.23 encapsulant performance tests
and criteria for incorporation in encapsulant
specifications.

Problem

According to a recent U.S. Department of
Housing and Urban Development (HUD)
report to Congress, an estimated 57 million
homes in the United States contain
lead-based paint. The hazards of lead-based
paint may be abated by painting the
lead-based paint with an encapsulant.
However, questions remain as to under what
conditions lead can be leached from a
lead-based paint film and transported
through an encapsulant film. Previous
HUD-sponsored BFRL research results
indicated that essentially no lead is leached
from lead-based paint films immersed in
dilute nitric acid (pH 2 or pH 4) or from
paint films immersed in pH 10 or 12 sodium
or ammonium hydroxide solutions. On the
other hand, practically all the lead was
leached from paint films immersed in
20-percent acetic acid, while a much smaller
amount was leached from vinegar (5 percent



acetic acid). These results demonstrate that
leaching of lead depends greatly upon the
type and concentration of liquid acid to
which the lead-based paint is exposed.
Therefore, information is needed on the
lead-leaching effects of other acids and
household cleaners.

Approach

During FY1997, BFRL will conduct a
two-level, fractional, factorial experiment to
determine the relative importance of pH,
acid type, acid concentration, surfactant
concentration, lead concentration and
immersion time on the leaching of lead from
lead-based paint films. The transport of lead
through three encapsulants will be
determined for at least two exposure
conditions that caused lead to be leached
from the lead-based paint films. Exposure
conditions will be selected in consultation
with members of E06.23 and HUD. The
results will be reported and recommended
performance tests and criteria drafted and
presented to ASTM E06.23 for
standardization.

Recent Results
No published results.
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International Standards for
Design Life of Buildings

Principal Investigator
Geoffrey Frohnsdorff
Building Materials Division
301-975-6706

Sponsor
National Institute of Standards and
Technology

Objective

To lead the development of an ISO standard
for assuring that the designed life of a
building under anticipated environmental
actions will be achieved and to chair the ISO
Working Group on Design Life of Buildings.

Problem

As building technology advances, there is an
increasingly strong desire to minimize the
risks associated with innovation, whether due
to premature deterioration resulting from the
materials and components used, or the way
they are incorporated into the building
design. In a partial response to the need,
standard methodologies for assessing the
service lives of individual materials and
components have been developed in ASTM
Committee EO6, Performance of Buildings.
Now, methodologies for assessing the service
lives of individual materials and components
are to e incorporated into a methodology for
assessing whether a building of a given design
will perform satisfactorily over its intended
life, the service life. The standard is needed
to provide guidance to: designers and
planners on methods for assessing the
expected life of a building and assuring that
its design life will be met; construction
engineers on how to construct a building to
assure the intended life; materials and
product manufacturers on information they
should provide to assist assessment of the life
of a building; maintenance engineers and
building owners on information they will
need to carry out the maintenance required
to achieve the design life; and standards and
code bodies and legislators on the need for



improved standards and codes. To prepare
the standard, 1SO Technical Committee
TC59, Building Construction, established a
Working Group (WG9) on the Design Life
of Buildings, with ASTM Committee EO6,
Performance of Buildings as the Convener
(chairman); the WG was established in 1993
in response to a request made by ASTM EOQ6,
through ANSI, to ISO TC59. To advise the
Convener on the U.S. position, ASTM set up
a U.S. TAG (Technical Advisory Group)
which the Convener chairs. An executive
committee has been established in the WG
to plan the WG’s work between annual
meetings.

Approach

During FY1997, BFRL will coordinate, as
chair of the ISO Working Group, the
development of Part I, General Principles of
Building - Service Life Planning. The scope of
the guide will be limited to the building
envelope, partitions and surface finishes.
British, Canadian, and Japanese documents
on service life planning of buildings are being
used as working documents.

Recent Results

A new draft of Part 1, prepared in the UK
under contract from the British Standards
Institution, was completed in September
1996.
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Three-Dimensional
Microstructural/Kinetic Model of
Cement Hydration

Principal Investigator

Dale P. Bentz

Building Materials Division
301-975-5865

Sponsor
National Institute of Standards and
Technology

Objective

To develop and validate a comprehensive
model for cement hydration and
microstructure development in three
dimensions.

Problem

Prediction of the properties and performance
of cement-based materials is hindered by a
lack of a basic understanding of
microstructural development and hydration
kinetics. Progress in this area has been slow
due to the complexity of the starting
materials, water and a multi-size, multi-phase
cement powder, and the number and the
complexity of the reactions which occur
during hydration. A comprehensive model
incorporating both microstructural and
kinetic considerations should allow a priori
prediction of the behavior of these materials
under a variety of processing conditions,
which is of great interest to the concrete
construction community.

In the first 2 years of this 3 year project,
BFRL concentrated on the development of
an integrated computer model and
experimental techniques to be used in model
validation. Computational techniques were
developed for the critical step of generating
representative 3-D starting microstructures
of cement particles in water to be used in the
hydration model. Research considers the
effects of temperature and hydration under
sealed conditions (self-desiccation). In all
cases, good agreement between the results of
the computer model and experimental
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measurements (degree of hydration, heat
release, chemical shrinkage, and compressive
strength of mortar cubes) has been observed.

Approach

During FY1997, BFRL will extend the model
to incorporate silica fume, and eventually
other mineral admixtures, by calibrating
against experimental thermogravimetric
measurements to quantify both the normal
hydration and pozzolanic reactions. In
addition, a report detailing the final version
of the model and its usage will be developed,
so other research groups may employ the
model in their hydration studies. Currently,
the model is being used by researchers at the
U.S. Army’s Waterways Experiment Station
in Vicksburg, MS, in a collaborative effort.
Ultimately, the model and its real-time
simulation capabilities will be part of the
Integrated Knowledge-Based System for
High Performance Construction Materials
and Systems (HPCMS) and will be
distributed electronically to industry and
academia through the HPCMS
world-wide-web servers and other means.
The incorporation of mineral admixtures into
the model will assist the cement and concrete
industries in their production and use of
blended cements and the development of a
new generic performance-based cement
standard. The model also should find use in
studies of the effects of processing
parameters such as degree of grinding and
wi/c ratio, and curing on the resultant
microstructure and properties of
cement-based materials.

Recent Results

Bentz, D. P. “Three-Dimensional Computer
Simulation of Portland Cement Hydration
and Microstructure Development,” Journal of
the American Ceramic Society, volume 80, No.
1, pp. 3-21, 1997.



Microstructure-Property
Relationships in Random Porous
Materials

Principal Investigator
Edward J. Garboczi
Building Materials Division
301-975-6708

Sponsor
National Institute of Standards and
Technology

Objective

To develop new, more accurate relationships
between microstructure and properties of
random porous materials, using computer
models and analytical theory as validated by
experiments and make these relationships
available in mathematical form to the
cement-based materials community.

Problem

The degradation of the concrete
infrastructure, worth on the order of $6
trillion, is a national problem. The basic
physical and chemical mechanisms of
degradation processes in concrete need to be
understood in order for scientifically sound,
nonempirical service life predictions to be
made. Most of the degradation processes that
affect cement-based materials involve
microstructure-related properties like
diffusivity, permeability, elastic moduli, and
viscoelastic properties like stress relaxation
and creep. Fundamental computer-based
models are necessary in order to
quantitatively relate such properties to the
complex microstructure of cement-based
materials. Such quantitative relationships
will serve to put existing and future standard
test measurements of transport and other
properties on a firm scientific foundation,
needed to enable reliable production of
high-performance concrete and other cement-
based materials.

Approach
During FY1997, BFRL will use a
digital-image-based approach, along with
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Monte Carlo techniques, to simulate the
formation of cement-based and ceramic
materials at the fundamental level. Using
efficient numerical techniques, BFRL will
develop the software necessary to simulate
and compute physical processes and
parameters as needed. These new
microstructure and property simulation
algorithms will feed into the other modeling
projects that are focused on the solution of
specific problems. Experimental
measurements will be made as necessary,
either at BFRL or in collaboration with other
institutions (Northwestern University and
Imperial College) to validate the model
results. Also, BFRL will be 1) developing
new capabilities in understanding viscoelastic
properties like stress relaxation and creep,
which couple to many degradation processes
like alkali-silica reaction and sulfate attack,
and 2) completing a monograph
summarizing the last 8 year's modeling work
and incorporating it into the Computer-
Integrated Knowledge Based System.

Recent Results

Ferraris, C., Clifton, J., Stutzman, P., and
Garboczi, E. J., “Mechanistic Studies on
Sulfate Attack of Cement-Based Materials,”
Mechanisms of Chemical Degradation of Cement-
Based Systems, London, England, 1997.

Bentz, D. P., Garboczi, E. J., Lagergren, E. S.,
“Multi-scale Microstructural Modeling of
Concrete Diffusivity: Identification of
Significant Variables,” ASTM Cement and
Aggregate, 1997.

Garboczi, E. J., and Bentz, D. P., “Multi-
scale Analytical/Numerical Theory of the
Diffusivity of Concrete,” Journal of Advanced
Cement-Based Materials, 1997.



Microstructure and
Moisture-Driven Size Changes of
Cement-Based Materials

Principal Investigator
Edward J. Garboczi
Building Materials Division
301-975-6708

Sponsor

National Science Foundation
Center for Advanced Cement-Based
Materials

Northwestern University

Objective

To predict the moisture-driven size changes
of cement-based materials as a function of
moisture state and microstructure.

Problem

Concrete has often been called a living
material, in that it can shrink or grow in
response to its moisture state and induced
stresses. It is a viscoelastic material, whose
applied stress can reduce itself at a fixed
strain (stress relaxation) or which can
increase its apparent strain for a given
applied stress (creep). This viscoelasticity
also applies at the microstructural level,
where stresses built up from various
degradation reactions (sulfate attack,
corrosion of rebars, alkali-silica reaction, etc.)
induce local viscoelastic movement in the
microstructure that are accompanied by
moisture changes. The macroscopic
viscoelastic properties of concrete have been
known and studied for many years. However,
the local microstructural basis of this
viscoelasticity have not been well studied.
Research at this level is necessary for
correctly modeling chemo-mechanical
degradation reactions, and interpreting the
results of standard tests designed to measure
these effects.

Approach

During FY1997, BFRL will develop
microstructure-based understanding of
viscoelastic processes in cement-based
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materials, based on viscoelastic theory and
numerical simulations using viscoelastic finite
element